Abstract
Introduction

36
Cell signaling mechanisms, which control the functioning of cells from the moment of an 37 organism's conception to the moment that the organism dies, is extremely complex but 38 it is now well recognized that these systems include the involvement of reactive oxygen Several other reactive compounds also need to be considered to be involved in 43 the control of cellular function [1] . Amongst these is hydrogen gas (H2) [3] , a compound 44 gaining prominence in the literature. However to be considered as part of a suite of 45 signaling molecules, the production, movement, perception, roles and removal of the 46 signaling compound need to be considered [2] , and this would also apply to H2 if it is to 47 be accepted as a regulatory component in cells. ethylene, jasmonate, but also stress such as salt and drought. This suggests that H2 is 53 important in stress signaling [7] . Auxin has also been shown to cause an increase in H2 54 generation [8] . In humans it appears that H2 is not endogenously produced. However, 55 mammals can be exposed to H2 through the action of colonic bacteria [9, 10] .
56
In treating organisms with H2 there are various methods which can be used [3] .
57
Although H2 can be used in the gaseous form more often a saturated solution is created 58 and added to the biological system. Therefore H2 is administered as hydrogen-rich 59 water (HRW) or hydrogen-rich saline (HRS), although the physiological validity of this 60 methodology needs to be considered [11] .
61
Being relatively inert means that H2 can freely diffuse through cells. Although it is 62 also quite insoluble in water the hydrophobic environment of a cell membrane or 63 organellular membrane should not be inhibiting to its movement, and may enhance it, 64 so in that regard H2 should be able to move through cells and between cells, which 65 would facilitate its role as a signaling molecule.
66
The most important aspect of any compound's involvement in cell signaling is the 67 effect that might result. One of the major effects of H2 is through the modulation of 68 antioxidant levels [11] . For example, in plants exposed to cadmium stress HRW was 69 seen to have effects on the levels of antioxidants in the tissues [12] . In a similar manner
70
HRW was given to swimming mice and some of the anti-fatigue effects appeared to be 71 mediated by antioxidant levels [13] . There was lower nitric oxide (NO) in the serum and 
78
As with the swimming mice study [13] that is, a direct effect on a heme group, may need to be considered.
114
A property of hydrogen which may be important is that of its nuclear spin states Rychlewski's earlier paper [27] .
123
Of importance here is that interconversions between para-and ortho-forms of H2 
128
NO and NO2 [28] . NO 
Other cell signaling effects of magnetic fields
176
Although dihydrogen is not magnetic as such, it is suggested here that some of the 177 effects seen in biological systems are due to its paramagnetic properties. Therefore, it 178 seems pertinent to have a short discussion of magnetic effects on cells. This is not a 179 new field, but it is one which has not been given much prominence in the literature. 
188
In animals endothelial cells have been shown to be sensitive to magnetic fields. 
